DECOUPLING CAPACITOR AND METHOD 



Field of the lnvf>nfinn 

The present invention relates generally to the field of capacitors 
and more particularly to a decoupling capacitor and method of forming 
the decoupling capacitor. 

Background of the. Tnventinn 

Capacitors are limited by their dielectric constant. As a result, 
there is a constant search for dielectrics that have a high dielectric 
constant in order to make a smaller capacitor. In addition, it is 
common for the dielectric constant to vary with the voltage of the input 
signal. Generally, the dielectric constant is lower the higher the voltage 
of the input signal. As a result, it is also desirable to have a dielectric 
that has a dielectric constant that is essentially flat over a wide range on 
input voltages. 

An important use of capacitors is for decoupling signals such as 
power and ground or input and output signals. The semiconductor 
industry requires numerous decoupling capacitors for each integrated 
circuit. Present decoupling capacitors are placed between leads off the 
integrated circuit. For high frequency circuits, the distance between the 



leads on the integrated circuit and the capacitor results in inductance 
that limits the effectiveness of the decoupling capacitor. In addition, 
the discrete capacitors used as the decoupling capacitors add cost and 
manufacturing complexity. 

Thus there exists a need for an improved capacitor that may be 
used as a decoupling capacitor for integrated circuits. 
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Summary of Inventinn 

A capacitor that overcomes the above referenced problems 
has a first nickel electrode. A BCTZ (BaCaTiZrOs) dielectric covers a 
5 side of the first nickel electrode. A second nickel electrode 

sandwiches the BCTZ. In one embodiment, the BCTZ contains eighty 
eight to one hundred atoms of barium for every twelve to zero 
atoms of calcium. In another embodiment, the BCTZ contains eighty 
two to ninety atoms of titanium for each ten to eighteen atoms of 
10 zirconium. 

In one embodiment, the first nickel electrode is adjacent to an 
aluminum lead on an integrated circuit. In one aspect of the 
invention, the second nickel lead is electrically connected to a 
second aluminum lead on the integrated circuit. In another aspect 

15 of the invention, the second nickel lead forms the base for solder to 
be reflowed to form a bump. 

In one embodiment, a decoupling capacitor for an integrated 
circuit has a first nickel electrode coupled to an electrical lead of 
the integrated circuit. A dielectric is applied to the first nickel 

>0 electrode. A second nickel electrode is applied to the dielectric. 
The second nickel electrode is attached to a second electrical lead 
of the integrated circuit. In one embodiment, the dielectric is BCTZ. 
In another embodiment, a portion of the second nickel electrode is 
deposited on a passivation layer of the integrated circuit. 
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In one embodiment, an insulator is applied to an edge of the 
BCTZ. In one aspect of the invention, the insulator is applied to a 
portion of the first nickel electrode. 

In one embodiment, a layer of aluminum is applied over the 
5 second nickel electrode. In another embodiment, a wire lead is 
attached to the layer of aluminum. 

In one embodiment, a method of making a capacitor, includes 
the steps of applying a first nickel electrode to an electrical lead 
of an integrated circuit. Next a dielectric is applied to the first 
10 nickel electrode. Then a second nickel electrode is applied to the 
dielectric. In one embodiment, the second nickel electrode is 
coupled to a second electrical lead of the integrated circuit. In 
another embodiment, a first nickel layer is etched to form the first 
nickel electrode. 
15 In one embodiment, a BCTZ material is applied as the 

dielectric. Next, an insulative layer is applied that covers a portion 
of the first nickel electrode and the dielectric. In one embodiment, 
the first nickel electrode, the dielectric and the second nickel 
electrode are etched. A layer of aluminum is applied. Then the 
20 layer of aluminum is etched. 

In one embodiment, a layer of aluminum is applied to the 
integrated circuit. The layer of aluminum is etched. 

In one embodiment, a layer of titanium is applied to the 
integrated circuit. 
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Brief Dpscriptinn nf th^ Drawings 

FIG. 1 is a cross sectional view of a capacitor in accordance with 
one embodiment of the invention; 

FIG. 2 is a partial cross sectional view of decoupling capacitor on a 
integrated circuit in accordance with one embodiment of the invention; 

FIG. 3 is a cross sectional view of the steps used in forming a 
decoupling capacitor on an integrated circuit in accordance with one 
embodiment of the invention; 

FIG, 4 is a cross sectional view of the steps used in forming a 
decoupling capacitor on an integrated circuit in accordance with one 
embodiment of the invention; and 

FIG. 5 is a three dimensional view of a BaCaTiZrOa in accordance 
with one embodiment of the invention. 
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Detailed nesf-riptinn of t hf! Drawings 

A number of different dielectric materials have been used in 
capacitors. FIG. 1 is a cross sectional view of a capacitor 10 in 
5 accordance with one embodiment of the invention. The capacitor 10 
uses a BaCaTiZrOa (hereinafter BCTZ) 12 dielectric material. This 
material has a high dielectric constant of around 200 when deposited at 
around 450° C to a thickness of 50 mm (millimeters). The high end of 
the temperature is limited for decoupling capacitors, because the 

10 aluminum leads become very soft above 450°C. If higher temperatures 
could be used, a higher dielectric constant might be possible. In 
addition, the BCTZ's dielectric constant does not vary significantly with 
voltage when used with nickel electrodes. This is especially true for the 
voltage ranges found in integrated circuits. The capacitor 10 has a first 

15 nickel electrode 14 and a second nickel electrode 16 that sandwich the 
BCTZ 12. Nickel has the advantage that it may be chemically etched. 
This is an advantage over materials that cannot be chemically etched. 
In addition, nickel is less expensive than some of the other materials 
that have been used in the prior art as electrodes. In one embodiment, 

20 the formulation of the dielectric is Bao.96Cao.04Tio.84Zro.i6O3. Where the 
subscript 0.96 next to the barium (Ba) means there are 96 atoms of 
barium for each four atoms of calcium (Ca). Similarly, there are 84 
atoms of titanium (Ti) for each 16 atoms of zirconium (Zr). FIG. 6 is a 
drawing of BCTZ molecule. The molecule is a body center cubic 

25 molecule with barium (Ba) and calcium (Ca) on the corners (A site) 17 
and titanium and zirconium oxide in the center (B site) 18. In one 



embodiment, the barium can range between eighty eight to one 
hundred atoms while the calcium ranges between twelve and zero 
atoms. The zirconium may range between ten to eighteen atoms while 
the titanium ranges between ninety and eighty two atoms. In one 
embodiment, the titanium or zirconium, B site, is partially replaced by 
acceptors such as scandium (Sc), magnesium (Mg), aluminum (Al), 
chromium (Cr), gallium (Ga), manganese (Mn), yttrium (Y) or 
ytterbium (yb). In one embodiment, the acceptors range between zero 
and one percent of the atoms of the "B site" atoms. In one experiment, 
the BCTZ was doped with 0.4% scandium in another experiment the 
BCTZ was doped with 0.4% magnesium. 

FIG. 2 is a partial cross sectional view of decoupling capacitor 20 
on a integrated circuit 22 in accordance with one embodiment of the 
invention. Only the top passivation layer 24 and the aluminum 
electrical leads 26, 28 are shown of the integrated circuit 22. A first 
nickel electrode 30 is electrically coupled to a first electrical lead 26 of 
the integrated circuit 22. A dielectric layer of BCTZ 32 is adjacent to a 
portion of the first nickel electrode 30. A second nickel electrode 34 
sandwiches the BCTZ 32 and is electrically coupled to a second 
electrical lead 28 of the integrated circuit 22. An insulative layer 36 
covers a portion of the BCTZ 32 and the first nickel electrode 30 to 
ensure that the second nickel electrode 34 does not electrically contact 
the first nickel electrode 30 or otherwise degrade the capacitor 20. The 
first nickel electrode 30 and the second nickel electrode 34 may form 
the base for solder to be reflowed to form a bump for a surface mount 
integrated circuit. With some slight variations the electrode may also 
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be used with a wire bonded integrated circuit. In one embodiment, a 
layer of titanium may be applied to the passivation layer 24 before any 
nickel is applied. The titanium may be used to provide a stronger bond 
to the passivation layer. This decoupling capacitor 20 is formed right 
5 on the integrated circuit. There is almost no space between the 
electrical lead 26 and the capacitor. As a result, the decoupling 
capacitor 20 is significantly more effective at removing jitter at high 
frequencies than prior art discrete capacitors. In addition, the 
decoupling capacitor 20 can be formed using standard photo etching 

10 techniques. This lowers the cost and complexity of adding the 
decoupling capacitor. 

FIG. 3 is a cross sectional view of the steps used in forming a 
decoupling capacitor on an integrated circuit in accordance with one 
embodiment of the invention. The steps shown here are for a surface 

15 mount integrated circuit. At the top 50 of the figure a portion of the 

integrated circuit 22 is shown. The same reference numerals used with 
respect to figure 2 will be used here. The first step 52 is to apply a 
layer of nickel 54. The nickel 54 is etched in the second step 56 to 
form the first nickel electrode 30. At step three 58 a layer of BCTZ 60 

20 is applied. At step four 62 the BCTZ is etched to form the BCTZ 

dielectric 32 of the capacitor 22. In addition, an insulative layer 36 is 
applied. At step five 64 a second layer of nickel 66 is applied. The 
nickel is etched to form the second nickel electrode 34 at step six 68. 
In one embodiment, the nickel may form the base for solder to be 

25 reflowed to form a pair bumps for a surface mount chip. The nickel 
may be applied by DC (direct current) sputtering. The BCTZ may be 
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applied by RF (radio frequency) sputtering. The etching may be a 
standard chemical photo etching process. 

FIG. 4 is a cross sectional view of the steps used in forming a 
decoupling capacitor on an integrated circuit in accordance with one 
5 embodiment of the invention. The steps shown here are for a wire 
bonded integrated circuit. At the top 80 of the figure is shown a 
portion of the integrated circuit 22. The first step 82 is to apply a layer 
of aluminum 84 over the passivation layer of the integrated circuit 22. 
The aluminum is etched at ,step two 86 to form a pair of pads 88, 90. 

10 At step three 92 a first layer of nickel 94, a layer of BCTZ 96, and a 

second layer of nickel 98 is applied. At step four 100 the first layer of 
nickel, the layer of BCTZ and the second layer of nickel are etched to 
form a decoupling capacitor 20. At step five 102 another layer of 
aluminum 104 is applied and an insulative layer is applied. At step six 

15 106 the second layer of aluminum is etched to from a second lead 108. 
The aluminum leads 88 and 108 may then be used for attaching wire 
bonds. 

Thus there has been described a capacitor and its use as a 
decoupling capacitor. The capacitor has a high dielectric constant and 

20 small variations in the dielectric constant with changes in the applied 

voltage. When the capacitor is used as a decoupling capacitor it may be 
placed adjacent to an electrical lead of the integrated circuit. This 
increases the effectiveness of the decoupling capacitor by reducing the 
amount of stray inductance. In addition, the decoupling capacitor can 

25 be form right on the integrated circuit using standard chemical photo 
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etching techniques. This reduces the costs associated with the 
decoupling capacitor. 

While the invention has been described in conjunction with 
specific embodiments thereof, it is evident that many alterations, 
modifications, and variations will be apparent to those skilled in the 
in light of the foregoing description. Accordingly, it is intended to 
embrace all such alterations, modifications, and variations in the 
appended claims. 



